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I. INTRODUCTION

The discovery of micro6rganisms that are able to live at rela-
tively high temperatures (600C. and above) has forced us to
change our ideas on the resistance of protoplasm to heat and to
admit that life is possible above the generally fixed limit of 420 to
450C. The term thermophilic was probably first used by Miquel
(1879) to describe those organisms that grow at temperatures so
high as to be fatal to most microorganisms. This conception
seems to have been lost sight of by many more recent workers.
In order to have a better understanding of what the term
thernophilic means, a number of definitions of the term as
found in different texts on bacteriology are included.

In his physiological classification of bacteria, Giltner designated
as thermophilic those that have a nimum temperature of 450C.,
optimum, 55°C. and maximum, 70°C. Muir and Ritchie define
thermophilic bacteria as organsms that grow best at a tempera-
ture of from 600 to 700C. Hiss and Zinsser say that thermophilic
bacteria are high temperature bacteria obtained from hot springs
and from the upper layers of the soil. Rahn in Marshall's
Microbiology describes thermophilic bacteria as extraordinary
organisms having their maximum between 700 and 800C., a
temperature which coagulates albumin; corresponding to the high

I Abstracted from a thesis submitted in partial fulfillment of the requirements
for the degree of Master of Science in Bacteriology. Copies of the original thesis
are on file in the Library and Bacteriology Seminar of the University of Illinois.
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maximum the thermophiles have a very high optimum, and the
minimum lies with most species above 300C. According to Hew-
lett there is a group of so-called thermophilic bacteria which
thrive best at a temperature of 600 to 700C. Those bacteria
whose optimum temperature is above 400C. and which are spoken
of as the "thermophil" bacteria, is the definition given for them
by Morrey. Buchanan does not mention thermophiles in his
book but speaks of the organisms which produce large quantities
of heat as thermogenic bacteria. In his book Chester places
thermophilic bacteria in a class that does not grow at room tem-
peratures or below 220 to 250C.

II. RELATION OF HIGH TEMPERATURES TO LIFE

All living things have their minimum, mammum and optimum
temperatures for growth and other functions. The range of
temperatures at which they exist may depend among other fac-
tors, on the species and on the ancestral history of the individual.
Many investigators have experimented on the growth of organisms
at high temperatures with varied and interesting results.
The first data concerning organisms that live at high tempera.

tures were published by Sonnerat (1774). He reported on fish
that lived in water at a temperature of 690C. Schwabe (1837)
reported the growth of algae in a hot spring at Karlsbad at 700C.
Flourens in 1846 mentioned algae which flourished in a hot spring
at a temperature of 980C. Brewer (1866) found some "Nostoc-
formen" in a hot geyser at 830C. Ehrenberg reported the exist-
ence of red and green algae from the Island of Ischia which grew
at 630 to 650C.

III. HISTORICAL

The literature on thermophilic micro6rganisms has already
become quite voluminous and in order to save space in this publi-
cation, we have summarized in table 1, those papers which a
careful search of the literature has revealed.
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IV. EXPERIMENTAL

Sources of cultures. The present investigation has been limited
to a study of some of the characteristics of 52 cultures of aerobic
thermophilic bacteria from water; a more detailed study of forms
from other sources is now being made. The cultures of ther-
mophilic bacteria used in this investigation were isolated from
samples of water furnished by the Illinois State Water Survey.
Permission to use the samples was obtained from Professor E.
Bartow, while director of the Water Survey. These samples
came from different places in the state of Illinois and had been
collected and shipped to the Water Survey according to directions
furnished by them.
Many types of waters from different sources including deep

wells, shallow wells, drilled wells, dug wells, springs, raw and
treated municipal supplies and springs were used. In this manner
it was possible to carry on a more representative study than if
the samples had been taken from a restricted area. Out of 224
samples of water, 60 were found to contain thermophilic bacteria
according to the method adopted for their isolation. This is to
be regarded as a minimum for it is believed that thermophiles are
quite abundant in nature and many samples which were nega-
tive when 1-cc. portions were examined would probably have
been positive had a larger amount been used.
Method of isolation. Agar plates were poured in the usual way

using 1-cc. and 0.1-cc. portions of the samples; the plates were
incubated at 550C. for twenty-four hours. Most of the ther-
mophiles grow very rapidly at 55CC. and a longer incubation
period was unnecessary. Any colonies that had developed in
that length of time were transferred to agar slants; later it was
found that it was easier to keep the cultures in broth since agar
dried so quickly at 550C. Control plates and agar plates that
had been exposed to the air of the laboratory were incubated
under the same conditions, but in no case was there any growth of
thermophiles shown, either from the agar itself or from the air
of the laboratory.
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Methods of study. Inoculations into the different media used in
this work were made either from twenty-four-hour agar slant cul-
tures or twenty-four-hour broth cultures. Since this work was
begun before the adoption of the new chart, the Descriptive Chart
of the Society of American Bacteriologists indorsed in 1914 was
used in the study of these thermophiles. The group number for
each culture was determined under as uniform conditions as pos-
sible. In the work that is now under progress on thermophilic
bacteria from soil, canned foods, and other sources the Descrip-
tive Chart indorsed by the Society of American Bacteriologists
at the meeting of December 30, 1920, will be used. The index
number, it is believed, will give a better description of the or-
ganisms since it seems to embody characteristics which are more
important.
Media and technic. With one or two exceptions the media

and technic used in this study were those recommended by the
Committee on the Descriptive Chart of the Society of American
Bacteriologists in their report on Methods of Pure Culture Study
(1920); the cultures were, however, all grown at 55°C. Other
exceptions will be mentioned later.

Morphology. All the cultures studied were motile rods and
usually grew in chains containing from two to many individuals.
Sometimes chains of four or five rods showed an active snake-
like movement. The rods were both long and short; some had
rounded ends. Carbol fuchsin and Gram stains were used to
stain the smears; all were Gram positive except nos. 10, 20, 40.
Without exception, the cultures studied formed spores. Some
of the spores were central and some polar; some were oval and
some round; in a few cases the diameter of the spore seemed to
be larger than that of the rod and produced a sort of clostridium
form.

Nutrient broth. Witte's peptone was used in the nutrient broth
employed in this study, since it seemed to possess certain advan-
tages over other peptones. Good growth was secured with all
strains in nutrient broth at 550C. Most of the cultures produced
turbidity and sediment in the broth; the surface growth in many
of the cultures was membranous or showed a heavy pellicle.
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Indol. Tests for indol were made on nutrient broth cultures
that had been incubated for four days at 5500. Both Ehrlich's
test and the Nitroso-indol test were used. It was found that
Ehrlich's test was much more satisfactory when the tubes were
heated slightly. All of the cultures formed indol from Witte's
peptone in varying amounts.
Hydrogen sulfide formation. To determine hydrogen sulfide

formation, nutrient broth (made of Witte's peptone) over which a
strip of lead acetate paper was suspended by means of the cotton
plug, was used. The cultures were incubated for four days at
5500. The blackening of the paper indicated hydrogen sulfide
formation. All the cultures studied formed H2S. Streak cul-
tures on "Bacto Lead Acetate Agar" plates also showed that all
the cultures formed H2S. This latter medium seemed to be well
adapted to the determination of this characteristic.

Potato slants. The growth of these thermophiles on potato
slants was abundant in most cases even after twenty-four hours
at 5500. The type of growth varied from a filiform to spreading
growth. The potato was turned gray, brown, or reddish brown.
The cultures could not be kept longer than from two to three
days since they dried out so quickly at 55°C., but the growth at
this temperature was quite rapid on this and other media.

Liquefaction of gelatin. The "provisional method" was used
to determine this characteristic. The cultures were first accus-
tomed to the gelatin medium by preliminary cultivation for eight-
een to twenty-four hours in a 1 per cent solution of gelatin at
5500.; then the surface of gelatin in test tubes was inoculated and
the tubes incubated for thirty days at 2000. All the cultures
except nos. 6, 15, 20, 32, 51 had partially or completely liquefied
the gelatin at the end of thirty days. Gelatin cultures prepared
in the same way and incubated at 550C. for four days were all
liquefied with flocculent growth throughout the gelatin and would
not harden when placed in the refrigerator. The fact that all
the cultures studied liquefied gelatin at 5500. and some of them
at 20°C. can probably be explained by the fact that 2000. was
below the minimum temperature for growth for those cultures
which did not liquefy gelatin at that temperature.
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Litmus mtlk. In this medium azolitmin was used as the indica-
tor. The litmus milk cultures were incubated at 55°C. for four
to seven days, only, because they evaporated so quickly at this
temperature. Peptonization occurred with at least 75 per cent
of the cultures; and in each of these cases the medium was alka-
line. All of the cultures curdled the milk and in those cases where
peptonization did not occur the medium was acid. More work
is being done on the growth of these organisms in milk and par-
ticularly on the use of brom-cresol purple as an indicator.

Fermentation of sugars and glycerol. No gas was formed by
any of the cultures. None of the cultures produced acid in
lactose; the cultures varied slightly in their formation of acid in
glucose, sucrose and glycerol broth. Brom thymol blue was used
to test for acidity since that indicator was used to adjust the
reaction of all the broths when made. The amount of acid
formed in the different broths by these cultures may be of signifi-
cance and should be determined.
Oxygen relation. This characteristic was determined by noting

the presence or absence of growth in the open and closed arm,
respectively, of fermentation tubes containing glucose broth.
All the cultures used in this study were found to be strict aerobes.

Reduction of nitrates. To determine this characteristic, both
nitrate broth and nitrate agar slant cultures incubated at 550C.
for four days were used. Sulphanilic acid and alphanaphthyl-
amine were used to test for nitrites. All of the cultures reduced
nitrates.

Diastatic action on starch. Two per cent agar containing 0.2
per cent of soluble starch was used for this determnination because
this stiffer agar seemed to stand the incubation at 550C. better.
Dot inoculations were made in the center of the petri dishes con-
taining the hardened starch agar; these were incubated at 550C.
for forty-eight hours since longer incubation dried the agar and
made it crack. All the cultures grew well on this media and all
produced diastatic action, some feeble and some strong.

Temperature relations. Some of the cultures were grown on
agar slants at different temperatures and it was found that 500 to
5500. was the optimum temperature for growth. Since it is
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believed that the temperature relations of the thermophilic group
of micro6rganisms is a subject worthy of intensive study, a sepa-
rate investigation on this subject was initiated which is now near-
ing completion in this laboratory.

V. DISCUSSION

A comparative study of 52 strains of thermophilic bacteria
from water indicates a group in which the characteristics are not
widely divergent. All of the strains were spore formers and all
liquefied gelatin. When separated into groups according to the
"group number" they fell into nine groups. Most of these groups
were defined by differences in the terminal reaction in glycerol
and carbohydrate media. If these determinations are neglected
all of the strains would have fallen into one group.
A survey of the literature on thermophilic bacteria indicates

that many of the strains there described have been superficially
studied and that new strains have been named without sufficient
data. Consequently many of the names which are used for
thermophilic bacteria are being applied to the same organism.
Without exception the 52 cultures which were used in this

study formed spores and in this characteristic seem to agree with
most of thermophilic bacteria which have been described in the
literature. This then seems to be the most common characteris-
tic of members of this group. It has also been the basis for in-
cluding among the thermophilic bacteria, bacteria which do not
belong there. Spore formation when taken into consideration
along with the peculiar reaction to temperature makes the ther-
mophilic bacteria a difficult group for canners of foods, for in-
stance, to cope with. The ability to form spores allows the
thermophilic bacteria to survive the process and perhaps to de-
velop when the cans are stacked in the warehouse. The recent
publications of Weinzirl, Cheney, Bigelow and Esty, and others
have indicated the significance of these bacteria. They are also
related to certain phases of the dairy industry. Fliugge, Leich-
mann, Russell and Hastings have found that they are able to
survive pasteurization temperatures.
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The forms isolated from water were Gram positive and in this
characteristic, also, agreed with the forms described in the litera-
ture. Their destructive nature is indicated by their action on the
proteins in milk and on gelatin. Indol and hydrogen sulphide
were produced in most media. Rabinowitsch (1895) reported
the proteolytic abilities of the thermophiles to be their most
characteristic function.
Although none of the cultures studied fermented any of the

sugars used, many of them did produce some acid in glucose or
sucrose broth; this together with the fact that all of them showed
diastatic action on starch would seem to indicate that these ther-
mophiles decompose the more complex carbohydrate molecules
more readily than they do the simple sugars. That many of the
thermophiles decompose cellulose quite readily is seen in a review
of the literature on those types that function in spontaneous
heating during the fermentation of malt, tobacco, cotton, hay,
and manure, the fermentation of silage and the decomposition of
cellulose.
The fact that some of these cultures came from water from quite

deep wells and others from surface waters demonstrates that even
in water the thermophiles can exist at widely varying ranges of
temperature. They are probably widely distributed in waters
and had larger portions of the samples of water been used for
plating, no doubt, many more cultures would have been isolated
from the 224 samples of water examined. The widely differing
sources of the thermophiles described in the literature also indi-
cate that they are widely distributed in nature and further investi-
gations of their temperature relations will explain this distribu-
tion. Rabinowitsch (1895) and some others have claimed that
this ability of thermophiles to grow at a high temperature was a
property of adaptation to environment. Blau and Bruini both
claimed that many non-thermophiles had many of the same
characteristics as thermophiles. Other investigators have pub-
lished data to support this claim. Bredfeld (1878) gradually
developed the resistance of spores of Bacillus subtilis until it took
three hours at 100°C. to kill them or five minutes at 110°C.
Koch (1876) observed the germination of spores of Bacillus
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anthracis and Bacillus subtilis that had been subjected to 1230C.
in dry air. According to Arloing, Cornevin, and Thomas (1882)
the spores of Bacillus anthracis-symptomatici would not resist
boiling for more than 2 minutes; but if previously dried, boiling
for two hours was necessary to destroy them.

This seems to agree with the theory of Davenport and Castle
(1895) that by the loss of water, which is a necessary consequence
of increased chemical activity resulting from warmth, organisms
are able to increase their resistance to high temperatures. If we
accept this view thermophiles are explained on the basis of adap-
tation to environment.

Tsiklinsky (1903) also believed that thermophiles were merely
variations of common non-thermophilic micro6rganisms that had
adapted themselves slowly to high temperature. He thought
that the length of time necessary for these organisms to adapt
themselves to high temperature determined whether they were
facultative or strict thermophiles.

Schillinger proposed the term thermotolerant to be applied to
these organisms. Miehe tried to explain the high optimum tem-
perature of thermophiles by assuming that they might have been
brought over from the tropics and have adapted themselves to
lower temperatures. By comparing them with other bacteria,
Miehe came to the conclusion that all bacteria could be grouped
on the basis of their minimum temperatures. He divided the
thermophiles into two groups: (1) orthothermophiles with a maxi-
mum temperature of 660o-70C.; (2) thermotolerants with a
maximum temperature of 50°-55°C. but which also grow well at
ordinary temperatures.
Many investigators, among them Rabinowitsch, Schiitze, and

others, found a certain parallelism between temperature relations
and the relation of thermophiles to oxygen. In most cases those
organisms which had high optimum temperatures were strict
aerobes.
Bergey divided thermophilic bacteria into two groups: (1)

true thermophiles, those that grow at temperatures above the
maximum temperature for the great majority of bacteria, es-
pecially the pathogenic forms; (2) facultative thermophilic
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bacteria, those that develop at room temperature, about 20°C.,
and have their optimum temperature at about 50°C., and their
maximum temperature at about 60°C.

It would seem to be indispensable to fix clearly the limits within
which the term thermophilic bacteria should apply. Some divi-
sion evidently must be made in this group of organisms that grow
at such widely differing ranges of temperature. The division
made by Bergey into true thermophiles and facultative ther-
mophiles seems to be the most tenable up to the present time.
Further work on temperature relations of these thermophiles is
being carried out in this laboratory and perhaps when the data
from this investigation are available a better differentiation will
be possible.
Of the 52 waters from which thermophilic bacteria were isolated

44 (almost 85 per cent) were condemned for the presence of B.
coli of fecal origin. This fact suggests a possible sanitary signifi-
cance of thermophilic bacteria in water analysis. The data are
insufficient to draw any definite conclusions on this subject but it
is a subject worthy of investigation. A similar suggestion was
made by Brazzola (1906) when he stated that he thought the
thermophiles were of very great importance in the study of
the potability of water.

VI. CONCLUSIONS

1. The aerobic thermophilic bacteria studied in this investiga-
tion seemed to make up a closely related group when the salient
characters only are considered.

2. All strains form spores and are strongly proteolytic which,
in connection with their temperature relations, makes them of
importance in food preservation.

3. Thermophilic bacteria are widely distributed in nature (soil,
water, etc.) and thus may cause serious losses in those industries
where high temperatures are used for controlling bacterial
development.

4. The ability of thermophilic bacteria to grow at high tem-
peratures may be due to a particular property of the protoplasm
(water content?).
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5. Further investigations on their temperature relations may
aid in a better understanding of the thermophilic bacteria and in
their separation into more sharply defined groups. This work is
in progress in these laboratories.
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